Currently, twenty-three scandium, twenty-five titanium, forty mercury and seventeen einsteinium isotopes have been observed and the discovery of these isotopes is discussed here. For each isotope a brief synopsis of the first refereed publication, including the production and identification method, is presented.
Introduction
The discovery of scandium, titanium, mercury, and einsteinium isotopes is discussed as part of the series summarizing the discovery of isotopes, beginning with the cerium isotopes in 2009 [1] . Guidelines for assigning credit for discovery are
(1) clear identification, either through decay-curves and relationships to other known isotopes, particle or γ-ray spectra, or unique mass and Z-identification, and (2) publication of the discovery in a refereed journal. The authors and year of the first publication, the laboratory where the isotopes were produced as well as the production and identification methods are discussed. When appropriate, references to conference proceedings, internal reports, and theses are included. When a discovery includes a half-life measurement the measured value is compared to the currently adopted value taken from the NUBASE evaluation [2] which is based on the ENSDF database [3] . In cases where the reported half-life differed significantly from the adapted half-life (up to approximately a factor of two), we searched the subsequent literature for indications that the measurement was erroneous. If that was not the case we credited the authors with the discovery in spite of the inaccurate half-life.
Discovery of 39−61 Sc
Twenty-three scandium isotopes from A = 39 − 61 have been discovered so far; these include 1 stable, 6 protonrich and 16 neutron-rich isotopes. Many more additional neutron-rich nuclei are predicted to be stable with respect to neutron-emission and could be observed in the future. The mass surface towards the neutron dripline (the delineation where the neutron separation energy is zero) becomes very shallow. Thus the exact prediction of the location of the dripline is difficult and can vary substantially among the different mass models. As one example for a mass model we selected the HFB-14 model which is based on the Hartree-Fock-Bogoliubov method with Skyrme forces and a δ-function pairing force [4] . According to this model, 68 Sc should be the last odd-odd particle stable neutron-rich nucleus while the odd-even particle stable neutron-rich nuclei should continue through 77 Sc. The proton dripline has been reached and no more long-lived isotopes are expected to exist because 39 Sc has been shown to be unbound by 580 keV [5] . About 12 isotopes have yet to be discovered corresponding to 35% of all possible scandium isotopes. Figure 1 summarizes the year of first discovery for all scandium isotopes identified by the method of discovery. The range of isotopes predicted to exist is indicated on the right side of the figure. The radioactive scandium isotopes were produced using heavy-ion transfer reactions (TR), deep-inelastic reactions (DI), light-particle reactions (LP), neutron capture (NC), spallation (SP), and projectile fragmentation of fission (PF). The stable isotopes were identified using mass spectroscopy (MS). Heavy ions are all nuclei with an atomic mass larger than A=4 [6] . Light particles also include neutrons produced by accelerators. In the following, the discovery of each scandium isotope is discussed in detail and a summary is presented in Table 1 .
39 Sc
39 Sc was discovered by Woods et al. in 1988 as reported in the paper "A Measurement of the Mass of 39 Sc" [5] . A beam of 102.5 MeV 14 N accelerated by the 14UD pelletron accelerator at the Australian National University bombarded a 40 Ca target on a carbon backing and 39 Sc was identified by measuring the transfer reaction product 15 C in an Enge split-pole spectrometer. "A mass excess of −14.19±0.03 MeV has been derived for 39 Sc from a measurement of the 14 N, 15 C) 39 Sc reaction." The observation of 39 Sc was independently submitted a month later by
Mohar et al. [7] . [10]
. 41 Sc was produced in the reaction 40 Ca(d, n) using 8 MeV deuterons from the Purdue University cyclotron [11] .
The half-life and the energy spectrum of the positrons were measured. "Because Sc 41 cannot be reached by any other of the usual nuclear reactions its identification is mostly one of elimination. All other probable Ca(d,−) reactions have been investigated carefully" [11] . The measured half-life of 0.87(3) s is close to the adapted value of 593.6(17) ms. Previously, a half-life of 52(2) h had been reported which was changed to 53(3) m in a note added in proof [12] . The assignment was based on the assumption that 44 Ca was the heaviest stable isotope.
42 Sc

Morinaga identified
42 Sc correctly for the first time in the publication "New Radioactive Isotope Scandium-42" in 1955 [13] . At Purdue University a potassium target was bombarded with 18 MeV α particles. Decay curves of positrons and the annihilation radiation were measured with an anthracene and NaI crystal, respectively. "A strong activity with a half-life of 0.62±0.05 sec (error limit) was found." This half-life agrees with the presently accepted value of 681.3(7) ms.
Previously, half-lives of 4.1(1) h [14] and 13.5(3) d [15] had incorrectly been assigned to 42 Sc.
43 Sc
43 Sc was discovered in 1935 by Frisch as reported in the paper "Induced Radioactivity of Fluorine and Calcium" [16] . Alpha particles from a 600 mCi radon source were used to irradiate calcium and 43 Sc was formed in the reaction 40 Ca(α,p). "From the great intensity, one may say that the effect is due to the main isotope of calcium, Ca 40 . Capture of the alpha particle, with subsequent emission of a proton or neutron, would lead to the formation of Sc 43 Twenty-five titanium isotopes from A = 39 − 63 have been discovered so far; these include 5 stable, 7 proton-rich and 13 neutron-rich isotopes. According to the HFB-14 model [4] , 78 Ti should be the last even-even particle stable neutron-rich nucleus while the odd-even particle stable neutron-rich nuclei should continue through 69 Ti. The proton dripline has been reached and no more long-lived isotopes are expected to exist because 38 Ti has been shown to be unbound with an upper limit for the half-life of 120 ns [36] . About 12 isotopes have yet to be discovered. Almost 70% of all possible titanium isotopes have been produced and identified so far. Figure 2 summarizes the year of first discovery for all titanium isotopes identified by the method of discovery. The range of isotopes predicted to exist is indicated on the right side of the figure. The radioactive titanium isotopes were produced using heavy-ion fusion evaporation (FE), deep-inelastic reactions (DI), light-particle reactions (LP), neutroncapture (NC), projectile fragmentation of fission (PF), and pion-induced reactions (PI). Heavy ions are all nuclei with an atomic mass larger than A=4 [6] . Light particles also include neutrons produced by accelerators. In the following, the discovery of each titanium isotope is discussed in detail and a summary is presented in Table 1 . was later changed to a half-life of larger than 23 years in an erratum [43] . This is consistent with the presently accepted value of 60.0 (11) [34] . Uranium ions were accelerated to 750 A·MeV by the GSI UNILAC/SIS accelerator facility and bombarded a beryllium target. The isotopes produced in the projectile-fission reaction were separated using the fragment separator FRS and the nuclear charge Z for each was determined by the energy loss measurement in an ionization chamber. "The mass identification was carried out by measuring the time of flight (TOF) and the magnetic rigidity Bρ with an accuracy of 10 Undiscovered, predicted to be bound Undiscovered, unbound with lifetime > 10 s is predicted to be unbound). Along the proton dripline two more isotopes are predicted to be stable and it is estimated that seven additional nuclei beyond the proton dripline could live long enough to be observed [53] . Thus, there remain 66 isotopes to be discovered. Less than 40% of all possible mercury isotopes have been produced and identified so far. Figure 3 summarizes the year of first discovery for all mercury isotopes identified by the method of discovery. The range of isotopes predicted to exist is indicated on the right side of the figure. The radioactive mercury isotopes were produced using fusion evaporation (FE), light-particle reactions (LP), neutron-capture (NC), spallation reactions (SP), projectile fragmentation or fission (PF), and α-decay (AD). The stable isotopes were identified using mass spectroscopy (MS). Heavy ions are all nuclei with an atomic mass larger than A=4 [6] . Light particles also include neutrons produced by accelerators. In the following, the discovery of each mercury isotope is discussed in detail and a summary is presented in [61] . 600 MeV protons from the CERN synchrocyclotron bombarded a lead target and 181 Hg was separated using the ISOLDE facility. The paper summarized the ISOLDE program and did not contain details about the individual nuclei other than in tabular form. The detailed analysis was published in reference [60] . The measured half-life of 3.6(3) s was misprinted as 3.6(3) m in [61] and corrected in an errata. This value agrees with the adopted value of 3.6(1) s. 
198−201 Hg
The stable isotopes 198−201 Hg were discovered by Aston in 1925 published in The Isotopes of Mercury [77] . A new mass spectrograph with twice the dispersion of the previous one made the identification of the mercury isotopes possible.
"Preliminary photographs of the mass-spectra of mercury show its lines clearly resolved and so enable a definite statement to be made on the mass numbers of its most important constituents." 
4.30.
210 Hg 210 Hg was produced by Pfützner et al. in 1998 in "New isotopes and isomers produced by the fragmentation of 238 U at 1000 MeV/nucleon" [90] . Projectile fragmentation was used to produce the isotope by bombarding a beryllium target with a 1000 MeV/nucleon 238 U beam from the SIS/FRS facility at GSI in Darmstadt, Germany. "Although only five counts represent the experimental evidence for the observation of 210 Hg, the very small number of background events on the identification plots supports the adopted assignment."
Discovery of the Element Einsteinium
Einsteinium is the first transuranium element covered in this series and thus it is appropriate to discuss the discovery of the element itself first. While the criteria for the discovery of an element are well established [91] [92] [93] the criteria for the discovery or even the existence of an isotope are not well defined (see for example the discussion in reference [53] ). Therefore it is possible, as in the present case of einsteinium, that the discovery of an element does not necessarily coincide with the first discovery of a specific isotope. A common criterium is the requirement that the discovery has to be published in a refereed journal.
The new element with Z = 99 was first identified by Ghiorso et al. on December 19-20, 1952 from uranium which had been irradiated by neutrons in the "Mike" thermonuclear explosion on November 1, 1952 [94] . However, the work was classified and could not be published. The authors realized the possibility that others could produce this new element independently, publish the results first and take credit for the discovery: "At this juncture we began to worry that other laboratories might discover lighter isotopes of the elements 99 and 100 by the use of reactions with cyclotron-produced heavy ions. They would be able to publish that work without any problem and would feel that they should be able to name these elements. This might well happen before we could declassify the Mike work and it would make it difficult for us to claim priority in discovery. (Traditionally, the right to name a new element goes to the first to find it, but it is not clear that the world would accept that premise if the work is done secretly.)" [95] .
Ghiorso et al. succeeded and submitted the first observation of the einsteinium isotope 246 Es in November 1953 [96] . They did not want this observation to be regarded as the discovery of einsteinium and added the note: "There is unpublished information relevant to element 99 at the University of California, Argonne National Laboratory, and
Los Alamos Scientific Laboratory. Until this information is published the question of the first preparation should not be prejudged on the basis of this paper." The same statement was included the paper reporting the observation of 253 Es submitted a month later (December 1953) [97] . The first identification of 254 Es (February 1954 [98] ) and 255 Es (March 1954 [99] ) were submitted also prior to the official announcement of the discovery of the new element. This announcement was finally made in the summer of 1955 with the publication of the article "New Elements Einsteinium and Fermium, Atomic Numbers 99 and 100" [94] .
The early accounts of the events were not specific about the details: "Without going into the details, it may be pointed out that such experiments involving the groups at the three laboratories led to the positive identification of isotopes of elements 99 and 100" [92, 100, 101] . Only later were the difficult discussions regarding the publication strategy between the research groups involved described in detail [95] . It is interesting to note that the loss of life during the collection of samples from the thermonuclear explosion was only mentioned in the more recent accounts [92, 102] of the discovery of these transuranium elements: "These samples cost the life of First Lieutenant Jimmy Robinson, who waited too long before he went home, tried to land on Eniwetok, and ditched about a mile short of the runway" [102] .
In the discovery paper the authors suggested to name the new element with Z = 99 Einsteinium with the symbol "E". The International Union of Pure and Applied Chemistry (IUPAC) adopted the name but changed to symbol to "Es" at the 19 th IUPAC Conference in Paris 1957 [103, 104] .
Discovery of 241−257 Es
Seventeen einsteinium isotopes from A = 241 − 257 have been discovered so far; there are no stable einsteinium isotopes. According to the HFB-14 model [4] , einsteinium isotopes ranging from 235 Es through 328 Es plus 330 Es and 332 Es should be particle stable. Thus, there remain about 80 isotopes to be discovered. In addition, it is estimated that 16 additional nuclei beyond the proton dripline could live long enough to be observed [53] . Less than 20% of all possible einsteinium isotopes have been produced and identified so far. Figure 4 summarizes the year of first discovery for all einsteinium isotopes identified by the method of discovery.
The range of isotopes predicted to exist is indicated on the right side of the figure. Only three different reaction types were used to produce the radioactive einsteinium isotopes; heavy-ion fusion evaporation (FE), light-particle reactions (LP), and neutron-capture reactions (NC). Heavy ions are all nuclei with an atomic mass larger than A = 4 [6] . In the following, the discovery of each einsteinium isotope is discussed in detail and a summary is presented in ." The half-life was measured to be 37(1) h and corresponds to an isomer.
Summary
The discoveries of the known scandium, titanium, mercury, and einsteinium isotopes have been compiled and the methods of their production discussed.
The limit for observing long lived scandium isotopes beyond the proton dripline which can be measured by implantation decay studies has most likely been reached with the discovery of 40 Sc and the observation that of 39 Sc is unbound with respect to proton emission by 580 keV. The discovery of especially the light scandium isotopes was difficult. Five isotopes -two of twice -were initially identified incorrectly ( 40−42 Sc, 44 Sc and 47 Sc). The half-life of 49 Sc had first been assigned to 44 Sc and then to 41 Sc.
The limit for observing long lived titanium isotopes beyond the proton dripline which can be measured by implantation decay studies has most likely been reached with the discovery of 39 Ti and the non-observation of 38 Ti. The discovery of the titanium isotopes was straight forward. Only the half-life of 51 Ti was initially incorrect. conference proceedings and even after over 25 years has not been published in a refereed journal. Finally, the discovery of 209 Hg was reported by the authors simultaneously in two different journals.
The discovery of the element einsteinium is credited to A. Ghiorso et al., who observed 253 Es in uranium which had been irradiated by neutrons in the "Mike" thermonuclear explosion in November 1952 [94] . However, this classified work was not published until 1955. In the meantime several groups succeeded in producing einsteinium isotopes in fusion-evaporation reactions ( 246 Es) and neutron-capture reactions ( 253 Es). These publications always are careful to point out that their observations should not be considered as the discovery of einsteinium. Nevertheless, following our guidelines to acknowledge first publications in refereed journals we credit these papers with the first observation of the specific isotope. This should not be interpreted as the discovery of the element Einsteinium which is accepted to have been discovered on December 19-20, 1952 from uranium irradiated in the "Mike" thermonuclear explosion.
Two einsteinium isotopes were discovered years prior to the first refereed publications; however, the results had only been presented in internal reports ( 242 Es) or unpublished work quoted in a review article ( 245 Es). 
